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Diels-Alder Reaction of N-Sulfonylpyridones with 1,3-Butadiene
Reiko Fusta, Noriko Nagasawa, and Hiroshi Hongo
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1-Arylsulfonyl-5-methoxycarbonyl-2 (1H) -pyridones bearing an electron-withdrawing
group at ortho or meta position for sulfonyl group were chemoselectively prepared using
NaH as a base in good yields. Diels-Alder reactions of 1-arylsulfonyl-2 (1H)-pyridones with
2,3-dimethyl-1,3-butadiene afforded stereoselectively quinolone derivatives under
atmospheric pressures. But it seems the substituent group on the benzene ring have a little

influence on the yields.
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SIZF AL, AMICEFRSERE (COOMe,
COMe, CN) %A $ % N-methyl-2(1H) -pyridone

(COOMe, COMe, NO:2) # A4 % 2(1H)-pyridone
FERE L) T4V ELTHWS DA KIG%

FERE DT ) 74V E L7z 1,3-butadiene & D
Diels-Alder (DA) KIJG%4TV>, isoquinoline %!
DA IMED RS 5 Z & #38E L72 (Chart 1).
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HE ¥, BRI EF, &8 5AA

LWL E R o72H, arylsulfonyl D
benzene B EOBERRILICE LTI, T LT/
S {12 nitro, chloro, methyl, methoxyl 251
THLDIZOVTHRFLZDDTHS. 4,
ZBEEF o arylsulfonyl 27 pyridone JRiZ &
T B2 RET 5 HHW T, sulfonyl 2D A4 L
FEARAIMICEFRFIMELZAET S N-
arylsulfonyl-5-methoxycarbonyl-2 (1H) -pyridone
# & 2 3-dimethyl-1,3-butadiene & ® DA Rt %
Bt LD THET 5.

1T L®IZ, N-arylsulfonyl-5-methoxycarbonyl-
2(1H)-pyridone FD A 2 A L 72 (Chart 2).
$§ NaH #3#E3 L LT, 5-methoxycarbonyl-2
(1H)-pyridone (1) & F )V MALIC nitro XX F T
% sulfonyl chloride (2) @ THF #&i#i% 60 TT
5 R S X ¢ 5 & ZHEEO sulfonyl /& (5,
59% ; 8,19%) AFINETH LNz (Table 1).
Bo N D sulfonyl ik (5 & 8) DEZRT
— ¥ DOHE NS, 5 % N-sulfonyl &, 8 % O-
sulfonyl {8 & E L7z, BB, IR AT PIVT,

MeOOC MeOOC L/ N
N o B N7 “OH
H
1 1a
MeOOC N 3oc! MeOOC 'R MeOOC .,/
+ R - | 2;5; 8:R=NO,
N~ O NTTO + N Q 3:6; 9:R=Cl
i w40 R
f S0, so, 4;7;10:R=CN
R
1 2-4 EtIR
5-7 8-10
SO.Cl MeOOC | < MeOOC />
b | + —— ':‘ o) + N/ ?
R SO, S0, 11;13: R=NO,
12;14:R=Cl
11,12
R Cl
13,14 15
Chart 2
Table 1. Synthesis of N-Sulfonyl-2 (1H) -pyridones in THF
Entry ArS0:Cl1 Base Temp. Time N-SOz-pyridone Yield O-SOz-pyridine Yield
Ar () (n) (No.) (%) (No.) (%) : *
1 0-NO2-CeHs+(2) . NaH -50 ~ 60 5 5 59 8 19
2 m-NOz-CeHs-(11) NaH -50 ~ 60 . 5 13 55 — —
3 0-Cl-CsHs-(3) NaH  -50 ~ 60 5 6 86 9 6
4 m-Cl-CeHs-(12) NaH  -50 ~ 60 5 14 92 15 3
5 0-CN-CeHs-(4) NaH  -50 ~ 60 5 7 78 10 8
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N-sulfonyl 4% (5) (&, 1687 cm! 27 I KA L
RENVDOWIERT D3 LT, O-sulfonyl 4
(8) X, TIFHINVKFZ VORI EIRE 2\,
2512, 'H-NMR AXZ7 VT, N-sulfonyl #&
(5) D3MDOKFEFFIL, 6.46 ppm IZFFTEL

N-methyl-2(1H)- yridone D 3INMNDOKEEF
(6.57 ppm) DFRIZEVDIZKH LT, O-
sulfonyl /& (8) @ 3fLDKFET 7.23 ppm IZFF
£ L, pyridine D/KFEJEF (7.00-8.23 ppm) O
Fhizi <, ZHEED sulfonyl & (5 £ 8) O
BADHERIH L. D OXIZ, AFMIC
nitro 2 % & 3 % sulfonyl chloride (11) &£ 1 ®
Rtz 2 &1 OBELEREHFETHAIE TS,
Z DHAITIX, N-sulfonyl & (13, 55%) D&
FFINE TR S5 N7z (Table 1). FV b F 7203 4
% 12 chloro #% % 9 4 sulfonyl chloride (3,

12) OHAICIE, N-sulfonyl 1& (6, 86% ; 14,
MeOOC COOMe
L 5 wrgR
N [o]
1
SO, Me N
R H %o,
57 17-19

13,14

MeOOC .~ 16 Me

Qg

25-27

92%) AR TILFEIRW 43 5 7z (Table
1). 7, #IV MLl cyano 2 BT 5
sulfonyl chloride (4) ®#A12%, N-sulfonyl &
(7, 78%) DN TILE BRI ICHES N/
(Table 1). Lk, 5-methoxycarbonyl-2(1H)-
pyridone (1) 213, HEZEEMHK (1 L 1a) 2¢
FAET 57D ICRFEDHETH - 7245, NaH
I L L72&MTF, onitrofk (entry 1) 134
%) m L ER M 2 R L 722,
cyano, m-nitro, m-chloro & (entries 2-5) &,
S HIICE WL ERRME T N-arylsulfonyl-5-
methoxycarbonyl-2 (1H) -pyridone 8% 5 2 7-.

2 X|Z, N-sulfonyl-2(1H)-pyridone 3 & 2,3-
dimethyl-1,3-butadiene (16) & @ DA KL%
# L7z (Chart 3). BT A IV M F 723 A 54
WZHWEFRE %R T nitro &% FD 5 L 13
IZDWT DA bk kA7, 5&16 % 140 C,

o-chloro, o-

17: R=NG,
18: R=Cl
19: R=CN

20: R=NO,
21: R=Cl

MeOOC(\j~
+ 70

22:25: R=NO,
23:26: R=Cl
24:27: R=Me

Chart 3
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Table 2. Diels-Alder Reactions of N-Sulfonyl-2 (1H) -pyridones in o-Xylene

2HE (entry 1) MEAKIET 5 &, FRAIHT
ik (17) 2536% OPFETHOL N, RE%
160 T (entry 2) ZHF7235E1TIE 17% 1R
MET L7, 13216 % 140°C, 2HM (entry
3) MBKILT 5 &, fHifE (20) DHH*38%
DINEBTHESN, BEZ 160 C (entry 4) 12
FA 101 43% ICEDS EF L. 2 EIL,
AV bLIZ chloro %% F3 %6 £ 16 * 140 C,
2 HM (entry5) MBAKIECT 5 &, fHmk (18)
ALEIREIIC 46% DR TH LNz, RIDEREZ
160 C (entry 6) WZHIF723HA121F, A
(18) 724% DINETHRL L, MiCEMBERE
T&dH 5 O-sulfonyl 1 (9) #722% DYUETRH L
7z, ® ok % 3 B (entry 7) 1IZ0IXL,
T /-RIDIRE % 180 T (entry 8) IXH T 7254
ZiE, Ed MK (18) DINED 5% & 10%
AT L7z, A F 6L chloro 2% E 2% 14 &
16 % 140 C, 2 HF (entry 9) MEASIET 5 &,
ik (21) #528% DINETHE LN, I O-
sulfonyl 7 (15) 7% 22% DINH THRALARL L 72,
I-RIGIRE® 180 T T, BHEZ 3 HM

Entry ArS0:C1 Temp. Time Adduct Yield Pyridine Yield
Ar (C) (d) (No.) (%) (No.) (%)
1 0-NO2-CeHs- (5) 140 2 17 36 — —
2 5 160 2 17 17 - —
3 m-NO2-CeHs- (13) 140 2 20 38 - -
4 13 160 2 20 43 — —
5 0-Cl-CsHa- (6) 140 2 18 46 - —
6 6 160 2 18 24 9 22
7 6 ’ 160 3 18 5 — -
8 6 180 3 18 10 - —
9 m-Cl-CeHs- (14) 140 2 21 28 15 22
10 14 160 2 21 20 - —
11 14 160 3 21 29 — —
12 0-CN-CeHas-(7) 140 2 19 37 — —
13 7 160 2 19 28 - .=
14 7 160 3 19 10 - —
15 7 180 2 19 20 — —
16« p-NO2-CeHs- (22) 140 3 36 43 — -
17 p-Cl-CsHs- (23) 140 2 26 43 - —
18 0-Me-CsHs- (24) 140 2 27 46 28 43
-a) Ref. 5.

(entry 11) CoX L723HAE, ik (21)
DHH29% OYETH LNz, Uk, FIVHME
Btk (1719) L X ¥ Biffk (20, 21) OPXR%E
kEE 5 e, AU MERE (17-19) BRISER
& 140 C (entries 1, 5, 12) T, X ¥ E#fk
(20, 21) X160 T (entries 4, 11) D& &I
BABRSNREE 2. BICHRE LT (22,
23) F/2i3A N rEBRKE (24) OREBREES
Z72FUGIEED 140 C (entries 16-189) TH 5
CEEEEBTHE, IV ELF T BRGNS
AYBHAL ) LENERETHLEEZLR
5%, MEDPWRIIKREIRDOON e o722
Ehs, BERIEOEERAIEIC L S pyridone TR
~NOFRIIELTHBHLEEZOND.

PLE, B-methoxycarbonyl-2 (1H)-pyridone & #
Vb EE A S AICERESY AT 5 arylsulfonyl
chloride % NaH #35%& L TRc 2 & A, {LFE
R N-arylsulfonyl-5-methoxycarbonyl-2 (1H)-
pyridone 3§ (5-7, 13 & 14) % 92-55% DT
B7-. 2&IZ, 185 N7z N-arylsulfonylpyridone
# (5-7,13 £ 14) X 1,3-butadiene (16) L D
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DA Rt %47V, DA fihifk (17-19, 20 & 21)
% 46-29% DYNFE CT5727%, N-sulfonyl ZDER F
DBEBEDOFEIFRLEAMIZ X 5 pyridone TB~DO%)
BIIMELTH B LA L.

=B 0

A rlE, Yanaco MERSHIEEE Y A, &
TRWIETH L. IR A7 b Vid, Perkin
Elmer FT-IR 1725X. MS A% b Vid, JEOL
JMS-DX303/JMA-DA 5000, JCESHIE,
PERKIN ELMER 2400 CHN Elemental Analyzer
A L7, NMR A)% b Vi, JNM-GSX 400
(‘H-NMR, 400 MHz; 3C-NMR, 100 MHz), JNM-
EX 270 (*H-NMR, 270 MHz; 1*C-NMR, 67.8 MHz)
& JEOL JNMPMX 60si CTifll%E L7z, k% 7 b
%, tetramethylsilane (MesSi) % NERIEH#E L |
T, MesSi 226D ppm T/RLTZ. 7T v vadh
Sharzu<w s 74—, EEMHELT
Merck Kieselgel 60 (230-400 mesh) % Fiv:7z.

5-Methoxycarbonyl-N-sulfonyl-2 (1H) -pyridone 8
DER
— R RIEE

THEH7IATIIN R T, NaH (0.54g, 22.5
mmol) & THF (30ml) O AB®EIZ, 1
(2.23g, 15 mmol) ZfNZ-50 TITHHL %45,
2-nitrobenzenesulfonyl chloride (2; 4.98g, 22.5
mmol) @ THF % (30 ml) %iET L, 0.5k
MEEEZZERICD L, 60 CTT5EMINRERE
5. RUBRZKAKPIZHEAL, CHCL THi
&, THHIE % 7K NazSOs TERT 5. B %8
EEL, BEWE 79 ahssru~<brg
7 4 — (ether:hexane = 2:1) THHFHT 5.
$g—7 727 arhb b-methoxycarbonyl-2-
(2-nitrobenzenesulfonoxyl) pyridine (8),
£ 7927 ard»b 5-methoxycarbonyl-2-
(2-nitrobenzenesulfonyl) pyridone (5) #
%% . 1 & 2-chlorobenzenesulfonyl (3), 2-
cyanobenzenesulfonyl (4), 3-nitrobenzenesulfonyl
(11), 3- chlorobenzenesulfonyl chloride (12)
DRIGF ERREMEHETRIGLEL, 1-(2-

chlorobenzenesulfonyl) -5-methoxycarbonyl-2 (1H) -
pyridone (6), 2-(2-chlorobenzenesulfonyloxy)-
5-methoxycarbonylpyridine (9), 1-(2-
cyanobenzenesulfonyl) -5-methoxycarbonyl-2 (1H) -
pyridone (7), 1-(2-cyanobenzenesulfonyloxy)-
5-methoxycarbonylpyridine (10), 5-
methoxycarbonyl-1- (3-nitrobenzenesulfonyl) -2
(1H)-pyridone (13), 1-(3-chlorobenzenesulfonyl)-
5-methoxycarbonyl-2 (1H)-pyridone (14),
2-(3-chlorobenzenesulfonyloxy)-5-
methoxycarbonylpyridine (15) %1&7:. B56Hh
7z sulfonyl & (5-10 & 13-15) DI Table 1
IR L7z,

5. SRS (acetone), mp 170 C. IR (KBr)
cm': 1725, 1687, 1619, 1536, 1382, 1355, 1182,
846, 771. 'H-NMR (CDCls) ¢&:3.93 (3H, s, O-
CHs), 6.46 (1H, d, J = 9.7 Hz, 3-H), 7.82-7.95
(4H, m, 4, 4', 5', 6'-H), 8.65-8.72 (1H m, 3'-H),
8.74 (1H, d, J = 2.3 Hz, 6-H). '3C-NMR
(CDCls): 52.62, 110.87, 121.88, 125.15, 129.88,
132.53, 136.18, 136.75, 137.82, 140.84, 148.38,
159.64, 163.87. LMS m/z: 338 (M*), 307 (M*-
OCHs), 228, 186. HRMS m/z: Calcd for
C13H10N207S, 338.0209. Found: 338.0200.

6: Em LIRS (acetone), mp 137 C. IR (KBr)
crl: 1727, 1689, 1620, 1572, 1375, 1187, 758. 'H-
NMR (CDCls) &:3.92 (3H, s, O-CHs), 6.40
(1H,dd, J = 0.7, 9.7 Hz, 3-H), 7.88 (1H, dd, J =
2.5,9.7 Hz, 4-H), 8.43-8.46 (1H, m, 6'-H), 8.95
(1H,dd, J = 0.7, 2.5 Hz, 6-H), *C-NMR (CDCls)
8 : 5256, 110.51, 122.02, 127.26, 131.70, 133.85,

'134.58, 135.90, 138.21, 140.21, 159.24 (C2),

163.72. LMS m/z: 329 (M*+2), 327 (M%), 292
(M+*-Cl1), 228. HRMS m/z: Calcd for
CisH10CINOsS, 326.9968. Found: 326.9966.

7. EAEHIRE (ether), mp 154 C. IR (KBr)
eml: 2232, 1726, 1689, 1620, 1588, 1388, 1382,
1189, 728. 'H-NMR (CDCls) &: 3.92 (3H, s,
OCHs), 6.43 (1H, dd, J = 0.7, 9.8 Hz, 3-H),
7.80-7.92 (4H, m, 4-, 4', 5', 6'-H), 8.51 (1H,
ddd, J = 0.8, 1.1, 7.8 Hz, 3-H), 9.00 (1H, dd, J




100 e ALF, RR KT, A AR

=0.7, 1.6 Hz, 6-H). *C-NMR (CDCls) ¢ : 52.65,
110.63, 110.90, 114.44, 121.92, 132.88, 133.41,
134.71, 134.89, 137.88, 138.38, 140.86, 159.31,
163.49. LMS m/s: 318 (M*), 254 (M*-SO2),
195, 102. HRMS m/s: Caled for CisH10N20s8S,
318.0310. Found: 318.0327.

13; EBsHIRE (acetone), mp 132 C. IR
(KBr) cml: 1721, 1698, 1604, 1540, 1376, 1355,
1190, 880, 812. 'H-NMR (CDCls) ¢: 3.94 (3H,
s, 0-CHs), 6.50 (1H, dd, J = 0.7, 8.4 Hz, 3-H),
7.80-7.90 (2H, m, 4, 4'-H), 8.53-8.59 (2H, m, 5,
6'-H), 8.90 (1H, dd, J = 0.6, 2.3 Hz, 6-H), 8.90
(1H, d, J = 1.3 Hz, 2-H). “C-NMR (CDCl) 6 :
52.63, 111.50, 122.49, 125.14, 129.60, 130.34,
136.68, 136.70, 137.79, 140.55, 148.01, 159.38,
163.58. LMS m/z: 338 (M*), 274 (M*-S02),
215. HRMS m/z: Calcd for CisH1oN207S, 338.0209.
Found: 338.0233.

14; EA5HRE (acetone), mp 112 C.IR (KBr)
el 1726, 1619, 1577, 1380, 1182, 766. 'H-NMR
(CDCls) ¢6:3.92 (3H,s, O-CHs), 6.44 (1H,dd,J
= 0.6, 9.6 Hz, 3-H), 7.563 (1H, ddd, J = 0.5, 7.4,
7.4 Hz, 5-H), 7.68 (1H, m, 4'-H), 7.84 (1H, dd,
J=23,9.6Hz, 4-H), 8.04-8.09 (2H, m,2',6-H),
8.89 (1H, dd, J = 0.6, 2.3 Hz, 6-H). 3C-NMR
(CDCls) 6:52.58,111.12, 122.59, 128.45, 129.80,
130.26, 135.31, 135.47, 137.01, 137.38, 140.21,
159.47, 163.82. LMS m/z: 329 (M++2), 327 (M),
263 (M*-S0z), 204. HRMS m/z: Calcd for
CisH1oCINOsS, 326.9968. Found: 326.9933.

8: mfstikg: (ether-hexane), mp 115 C. IR
(KBr) cm: 1728, 1596, 1386, 1302, 1133, 830,
794. 'H-NMR (CDCls) ¢&:3.94 (3H, s, O-CHs),
7.23 (1H, dd, J = 0.7, 8.4 Hz, 3-H), 7.79-7.90
(3H, m, 4', 5', 6'-H), 7.92-8.08 (1H, m, 3'-H),
8.40 (1H, dd, J = 2.3, 8.4 Hz, 4-H), 8.82 (1H,
dd, J = 0.7, 2.3 Hz, 6-H). ®C-NMR (CDCL) o'
52.66, 114.81, 124.91, 125.44, 130.46, 132.26,
132.31, 135.31, 141.79, 148.48, 150.01, 159.53,
164.51. LMS m/z: 338 (M*), 307, 228, 186.
HRMS m/z: Calcd for CisH10N207S, 338.0209.
Found: 338.0219.

9: MRS (ether), mp 85 C.IR (KBr) cm
1. 1723, 1592, 1376, 1174, 796. 'H-NMR (CDCls)
8:393 (3H, s, 0O-CHs), 7.20 (1H, dd, J = 0.7,
8.5 Hz, 3-H), 7.40-7.48 (1H, m, 6'-H), 7.57-
764 (2H, m, 4',5-H), 836 (1H,dd,J=2.3,85
Hz, 4-H), 8.80 (1H, dd, J = 0.7, 2.3 Hz, 6-H).
13C-NMR (CDCls) ¢: 52.61, 114.63, 125.03,
126.92, 131.94, 132.05, 133.08 (C2), 134.99,
141.36, 150.00, 159.37, 164.40. LMS m/z: 330
(M*+3), 328 (M*+1), 264. HRMS m/z: Calcd
for C1sH10CINOsS, 326.9968. Found: 326.9931.

10: #&E4HRE (ether), mp 93 C. IR (KBr)
cml: 2232, 1728, 1589, 1392, 1131, 731. 'H-NMR
(CDCls) ¢:3.93 (3H,s, OCHs), 7.26 (1H,dd,J
=0.7,8.4 Hz, 3-H), 7.80-7.98 (3H, m, 4', 5", 6'-H),
8.20-8.28 (1H, m, 3'-H), 8.40 (1H, dd, J = 2.3,
8.4 Hz, 4-H), 836 (1H,dd,J =23, 8.5 Hz, 4-H),
8.80 (1H, dd, J = 0.7, 2.3 Hz, 6-H). '*C-NMR
(CDC13) ¢&:52.65, 111.89, 114.78, 115.01,
128.39, 1230.86, 132.84, 134.00, 135.24, 139.09,
141.69, 149.84, 159.22, 164.27. LMS m/z: 319
(M*+1), 318 (M*), 254 (M*-SOz). HRMS m/z:
Calcd for C14H10N205S, 318.0311. Found: 318.0357.
15: #AEMBIRE (ether), mp 185-187 T. IR
(KBr) cm: 1724, 1597, 1375, 1302, 1130. 'H-
NMR (CDCls) ¢&:3.94 (3H, s, O-CHs), 7.16
(1H, dd, J = 0.5, 8.4 Hz, 3-H), 7.52-7.48 (1H,
dd,J =8.1,8.1 Hz, 5'-H), 7.63-7.67 (1H, m, 4'-H),
7.93-7.97 (1H, m, 6'-H), 8.06 (1H, dd, J = 1.8,
1.8 Hz, 2-H), 8.37 (1H, dd,J = 2.3, 8.4 Hz, 4-H),
8.86 (1H, dd, J = 0.5, 1.8 Hz, 6-H). 3C-NMR
(CDCls) ¢:52.62, 114.72, 125.13, 126.76,
128.71, 130.22, 134.39, 136.35, 138.15, 141.42,
150.00, 159.33, 164.35. LMS m/z: 329 (M*+2),
327 (M*), 263 (M*-SOz). HRMS m/z: Caled for

- CisH10CINOsS, 326.9968. Found: 326.9933.

N-Sulfonyl-2 (1H)-pyridone i & 16 &£ D DA RIG
— iR MEE

a) 5 & 16 O DA BUE

5 (338 mg, 1 mmol) & 16 (410 mg, 5 mmol)
7 o-xylene (3 ml) BFWEZFHEH, 140CT2
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HEmMEICT 5. Wk, BHE2BREREL,
BREWE 7T a NI AU MNTTT A —
(ether:hexane = 2:1) THHERET S, £—7
2 arhb 4a,5,8,8a-tetrahydro-cis-4a-
methoxycarbonyl-6,7-dimethyl-1-(2-
nitrobenzenesulfonyl) -2 (1H) -quinolone (17) #
%%, 7,13 £ 16 O LI EFE & F&H CRIE
ME L, 1-(2-cyanobenzenesulfonyl)-4a,5,8,8a-
tetrahydro-cis-4a-methoxycarbonyl-6,7-dimethyl-
2(1H)-quinolone (19), 4a,5,8 8a-tetrahydro-
cis-4a-methoxycarbonyl-6,7-dimethyl-1- (3-
nitrobenzenesulfonyl) -2 (1H) -quinolone (20) %
Bz, BonfmaE (17,19, 20) DIEEIL
Table 2 |Z/R L 7.

b) 6 & 16 ® DA KIi

6 (327 mg, 1 mmol) & 16 (410 mg, 5 mmol)
D o-xylene (3 ml) HEWAEHEHR, 140 CT2
HEMmMEBICT 5. &, BETBREZEL,
BREBME T ahTrrav T 57 4 —
(ether:hexane = 2:1) THHEH TS, £—7
Fovarrbibr, I3 arhb
1-(2-chlorobenzenesulfonyl)-4a,5,8,8a-
tetrahydro-cis-4a-methoxycarbonyl-6,7-dimethyl-
2(1H)-quinolone (18) #75%. 14 £ 16 Db
FEREFAFHFTCRIEREL, 1-(2-
chlorobenzenesulfonyl) -4a,5,8,8a-tetrahydro-cis-
4a-methoxycarbonyl-6,7-dimethy!-2 (1H) -
quinolone (18), 1-(3-chlorobenzenesulfonyl)-
4a,5,8,8a-tetrahydro-cis-4a-methoxycarbonyl-6,7-
dimethyl-2 (1H)-quinolone (21) #7-. &5
N7ATIE (18,21) DUREIL Table 2 ISR L7z,

17: #EAEHKE: (ether-hexane), mp 165-167 C.
IR (KBr) cm: 1728, 1596, 1386, 1302, 1133,
830, 794. '"H-NMR (CDCls) &:1.61 (3H, s, 6-
CHs), 1.67 (3H, s, 7-CHs), 2.15-2.26 (1H, m,
8-H), 2.33 (1H, d,J = 17.1 Hz, 5-H), 2.81-2.87
(2H, m, 5,8-H), 3.71 (3H,s, O-CHs), 5.07 (1H,
ddd, J = 2.0, 7.3, 9.4 Hz), 6.00 (1H, d, J = 9.8
Hz, 3-H), 6.51 (1H, dd, J = 2.0, 9.8 Hz, 4-H),
7.65-7.77 (3H, m, 4', 5', 6'-H), 8.41-8.48 (1H,
m, 3'-H). C-NMR (CDCls): 18.48, 18.59, 36.69,

40.19, 48.05, 53.00, 56.17, 122.06, 123.71, 125.46,
125.81, 131.50, 132.48, 133.39, 134.31, 147.22,
148.02, 161.94, 172.20. LMS m/z: 420 (M*), 361,
228, 186. HRMS m/z: Calcd for Ci9Hz20N2078S,
420.0991. Found: 420.0975.

18: LIRS (ether-hexane), mp 176 C. IR
(KBr) cm: 1742, 1681, 1572, 1350, 1179, 761.
IH-NMR (CDCls) &:1.61 (3H, s, 6-CHs), 1.66
(3H, s, 7-CHs), 2.19-2.33 (2H, brm, J = 17.1 Hz,
5,8-H), 2.80-2.86 (2H, brd, 5,8-H), 3.72 (3H,
s, 0-CHs), 5.19 (1H, ddd, J = 2.0, 7.3, 9.3 Hz,
8a-H), 5.94 (1H,d,J =9.6 Hz, 3-H), 6.48 (1H,
dd, J = 2.0, 9.6 Hz, 4-H), 7.42-7.59 (3H, dd,
3'.4'5"-H), 831 (1H, dd, J = 2.3, 6.6 Hz, 6'-H).
BC-NMR (CDCls) ¢: 18.59, 18.67, 37.19, 40.83,
48.15, 53.10, 55.85, 125.58, 126.77 (C2),
131.34, 132.04, 133.82, 134.35 (C2), 137.04,
146.75, 162.02, 172.62. LMS m/z: 411 (M*+2),
409 (M+), 350, 159. HRMS m/z: Calcd for
C19H20CINOsS, 409.0751. Found: 409.0764.

19: #EAMCIKE (ether-hexane), mp 170 C. IR
(KBr) cm: 2236, 1736, 1728, 1568, 1358, 1128,
724. '"H-NMR (CDCI®) ¢:1.61 (3H, s, 6-CHs),
1.61 (3H, s, 7-CHs), 2.18 (1H, dd, J = 7.0, 174
Hz, 8-H), 2.37 (1H, d, J = 17.3 Hz, 5-H), 2.71
(1H, d, J = 17.3 Hz, 5-H), 2.83 (1H, dd, J =
7.0, 17.4 Hz, 8-H), 3.70 (3H, s, O-CHs), 5.27
(1H, ddd, J = 2.0, 7.0, 9.8 Hz, 8a-H), 5.92 (1H,
d,J = 9.7 Hz, 3-H), 652 (1H, dd, J = 2.0, 9.7
Hz, 4-H), 7.67-7.88 (3H, m, 3', 4, 5'-H), 8.35
(1H,dd,J = 1.5, 7.7 Hz, 6'-H). *C-NMR (CDCls)
d: 18.50, 18.55, 36.66, 40.29, 47.72, 52.94, 55.72,
112.38, 115.80, 122.04, 125.10, 125.90, 132.13,
132.22, 133.20, 134.82, 140.79, 147.13, 161.36,
172.02. LMS m/z: 400 (M*), 341, 159. HRMS
m/z: Calcd for C20Hz20N205S, 400.1093. Found:
400.1049.

20: AR (ether-hexane), mp 115-116 C.
IR (KBr) cm: 1728, 1596, 1386, 1302, 1133,
830, 794. 'H-NMR (CDCls) ¢: 1.63 (3H, s, 6-
CHs), 1.67 (3H, s, 7-CHs), 2.18-2.29 (1H, m,
8-H), 2.18229 (1H, m, 8-H), 2.38 (1H, d, J =
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17.0 Hz, 5-H), 2.61-2.74 (1H, m, 8-H), 2.63
(1H, d, J = 17.0 Hz, 5-H), 3.68 (3H, s, O-CHs),
527 (1H, ddd, J = 2.0, 7.1, 9.1 Hz, 8a-H), 5.88
(1H, d, J = 9.8 Hz, 3-H), 6.52 (1H, dd, J = 2.0,
9.8 Hz, 4-H), 7.73 (1H, dd, J = 8.0, 8.0 Hz, 5'-H),
8.42-8.50 (2H, m, 4', 6'-H), 8.93 (1H, J = 2.0
Hz, 2'-H). 3C-NMR (CDCls) &: 18.52, 18.54,
36.70, 40.43, 47.47, 52.97, 55.49, 122.11 (C2),
124.24, 124.82, 125.79, 127.82, 129.43, 135.01,
140.91, 146.97, 162.28, 172.20. LMS m/z: 420
(M*), 361, 339, 274, 159. HRMS m/z: Calcd for
C19H20N207S, 420.0991. Found: 420.0987.

21: AR E (ether-hexane), mp 115-116 C.
IR (KBr) cm: 1728, 1596, 1386, 1302, 1133,
830, 794. 'H-NMR (CDCls) ¢:1.65 (3H, s, 6-
CHs), 1.66 (3H, s, 7-CHs), 2.15-2.25 (1H, m,
8H), 225 (1H, d, J = 17.0 Hz, 5-H), 2.62-2.68
(2H, m, 5, 8-H), 3.67 (3H, s, O-CHs), 5.23
(1H, ddd, J = 2.0, 7.1, 9.1 Hz, 8a-H), 5.89 (1H,
d, J = 9.7 Hz, 3-H), 6.49 (1H, dd, J = 2.0, 9.7
Hz, 3-H), 7.45 (1H, dd, J = 7.7, 7.7 Hz, 5'-H),
754 (1H, ddd, J = 1.5, 2.0, 7.7 Hz, 4'-H), 8.00
(1H, ddd, J = 1.5, 1.7, 2.0 Hz, 6'-H), 8.07 (1H,
d, J = 2.0 Hz, 2'-H). 3C-NMR (CDCl3) ¢:
18.62, 18.65, 36.82, 40.64, 47.74, 53.02, 55.66,
122.10, 125.27, 125.94, 127.44, 128.95, 129.53,

133.64, 134.45, 140.67, 146.56, 161.05, 172.59.
LMS m/z: 411 (M++2), 409 (M*), 328, 263.
HRMS m/z: Caled for CisH20CINOsS, 409.0751.
Found: 409.0712.
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